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FOREWORD 

Rural and suburban communities are  confronted w i t h  problems t h a t  are  
unique to  their s ize  and population density, and are  often unable t o  
superimpose solutions typically applicable to  larger urban areas. A 
good example of such problems i s  the provision of wastewater services. 

In the past, p r io r i t i e s  for water pollution control focused on the ’ 

c i t i e s ,  since waste generation from these areas was most evident. In 
such h i  gh-densi ty devel opment, the tradi ti  onal sani ta ry  engineering 
approach was to  construct a network of sewers to convey wastewater t o  a 
central location for  treatment and disposal t o  surface waters. Since a 
large number of users existed per u n i t  length of sewer l ine,  the costs 
of construction and operation could be divided among many people, t h u s  
keeping the financial burden on each user re la t ively low. 

W i t h i n  the past several decades, migration of the population from c i t i e s  
t o  suburban and rural areas has been significant.  W i t h  this shif t  came 
the problems o f  providing u t i l i t y  services to  the residents. 
Unfortunately, i n many cases, solutions t o  wastewater probl ems i n  urban 
areas have been applied to  rural communities. W i t h  the advent of 
federal programs tha t  provi de grants for construction of wastewater 
f a c i l i t i e s ,  sewers and centralized treatment p l a n t s  were constructed i n  
these low-density rural sett ings.  In many cases the cost  of operating 
and  m a i n t a i n i n g  such f a c i l i t i e s  impose severe economic burdens on the 
communi ties. 

A1 though wastewater treatment and disposal systems servi ng si ngl e homes 
have been used for  many years, they have often been considered an 
inadequate or temporary sol u t i  on u n t i l  sewers could be constructed. 
However, research has demonstrated t h a t  such systems, i f  constructed and  
maintained properly, can provide a re l iab le  and ef f ic ien t  means of 
wastewater treatment and disposal a t  relatively low cost. 

T h i s  document provi des techni cal information on onsi t e  wastewater 
treatment and disposal systems. I t  does not contain standards for those 
systems, nor does i t  contain rules or regulations p e r t a i n i n g  to  onsite 
sy s tems . 
The intended audience for this manual includes those involved i n  the  
design, construction, operation, maintenance, and  regulation of onsi t e  
wastewater systems. 
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CHAPTER 1 

INTRODUCTION 

1.1 Background 

Approximately 18  m i l l i o n  housing unit,s, o r  25% o f  a l l  housing units i n  
the United S t a t e s ,  d i spose  of their wastewater u s i n g  o n s i t e  wastewater 
t r ea tmen t  and d isposa l  systems. These systems include a v a r i e t y  of corn- 
ponents and conf igu ra t ions ,  the most common being the septic t ank / so i l  
abso rp t ion  system. The number of o n s i t e  systems i s  i n c r e a s i n g ,  w i t h  
about one-half mi l l i on  new systems being ins ta l led  each year .  

The first  o n s i t e  t r ea tmen t  and d isposa l  systems were cons t ruc t ed  by 
homeowners themselves o r  by 1 oca1 en t r ep reneur s  i n  accordance w i  t h  de- 
s i g n  cri teria fu rn i shed  by federal o r  s t a t e  hea l th  departments. Usu- 
a l l y ,  a s e p t i c  tank followed by a soil absorp t ion  f ield was i n s t a l l e d .  
Trenches i n  the s o i l  absorp t ion  system were dug wide '  enough t o  accommo- 
d a t e  open-jointed d r a i n  t i l e  l a i d  d i r e c t l y  on the exposed trench bottom. 
Some h e a l t h  departments suggested t h a t  deeper and wider trenches be used 
i n  "dense" s o i l s  and t h a t  the bottom of those  t r enches  be covered w i t h  

e before  the d ra in  t i l e  was l a i d .  The purposes of the . 
t o  provide a porous media through which t h e  septic tank 

? u e n t  could flow and t o  provide s t o r a g e  o f  the l i q u i d  u n t i l  i t  could  
il t r a t e  i n t o  the surrounding s o i l .  

mated t h a t  only 32% of  the t o t a l  l and  a r e a  i n  the United 
s u i t a b l e  f o r  o n s i t e  systems w h i c h  u t i l i z e  the s o i l  f o r  

t rea tment  and d isposa l  of wastewater. In a r e a s  where there i s  
ure f o r  development, o n s i t e  systems have o f t e n  been installed on 
t h a t  i s  n o t  sui t a b l e  f o r  conventional s o i l  absorpt.ion systems. 

i na t ed  we1 1 s a t t r i b u t e d  t o  inadequately t r e a t e d  septic 
ent, and nutrient'enrichment of l a k e s  from near-shore develop- I 

examples o f  what may occur  when a s o i l  absorp t ion  system i s  
i n  an a r e a  w i t h  unsuitable s o i l  o r  geologica l  condi t ions .  
the po ten t i  a1 health hazards of improperly func t ion ing  sys- 

ic health o f f i c i a l  s have c o n t i n u a l l y  sought methods t o  improve 
rgn and performance of onsite systems. 

the g r e a t  i n c r e a s e s  i n  popul a t i o n  have exacerbated the 
a t e d  w i t h  o n s i t e  systems. The luxury o f  vast amounts o f  
i tes  i s  gone; i n s t e a d ,  denser housing i n  r u r a l  a r e a s  i s  
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In many areas, onsite systems have been plagued by poor p u b l i c  accep- 
tance; feelings t h a t  those systems were second rate, temporary, or f a i l -  
ure prone. This perspective contributed t o  poorly designed, poorly COR- 
otructed, and inadequately maintained onsite systems. 

Recently, the s i t u a t i o n  has begun t o  change. Federal, state, and local 
governments have refocused their attention on rural wastewater disposal 
and, more particularly, on wastewater systems affordable by the rural 
population. Onsite systems are now gaining desired recognition as  a 
viable wastewater management a1 ternative t h a t  can provide excel lent, 
reliable service a t  a reasonable cost, while s t i l l  preserving environ- 
mental quality. Federal and many state and local governments have 
initiated pub1 ic education programs deal i ng w i t h  the technical and 
administrative aspects of onsite systems and other less costly waste- 
water hand1 i n g  a1 ternatives for  rural areas. 

In this time of populat ion movements t o  rural and semirural areas, h i g h  
costs of centralized sewage collection and treatment, and new f u n d i n g  
incentives for  cost and energy saving technologies, those involved w i t h  
rural wastewater management need more information on the planning ,  de- 
sign, construction, and management of onsite systems. This process de- 
sign manual provides primarily technical guidance on the design, con- 
struction, and maintenance of such systems. 

1.2 Purpose 

This document provides information on generic types of onsite wastewater 
treatment and disposal systems. I t  contains neither standards for those 
systems nor rules and regulations pertaining t o  onsite systems. The de- 
sign information presented herein is  intended as  technical guidance re- 
flective o f  sound, professional practice. The intended audience for the 
manual includes those involved i n  the design, construction, operation, 
mai ntenance, and regul a t i  on of onsi t e  systems. 

Techno1 ogies d i  scussed i n  this manual were selected because of past 
operating experience and/or because of the availability of information 
and performance da ta  on those processes. Because a par t icular  waste- 
water h a n d l i n g  opt ion  i s  n o t  discussed i n  this manual does n o t  mean t h a t  
i t  i s  not  acceptabl e. A1 1 avai l  ab1 e techno1 ogies shoul d be considered 
yhen pl anning wastewater management systems for rural and suburban com- 
m u n i  ties. 

Groundwater and surface water poll ution are major environmental consid- 
erations when onsite systems are used. A l l  wastewater treatment and 
disposal systems must be designed, constructed, operated, and maintained 
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t o  prevent degrada t ion  of both groundwater and su r face  water qual i t y .  
For ons i  te systems designed and cons t ruc ted  u s i n g  Environmental Protec- 
t i o n  Agency funds,  a l l  a p p l i c a b l e  r e g u l a t i o n s  must be complied w i t h ,  
i ncl ud i  ng requirements f o r  d i sposa l  t o  groundwaters (40 - FR 6190, Feb- 
rua ry  11, 1976). 

T h i s  manual is  only a guide.  Before an o n s i t e  system is designed and 
cons t ruc t ed ,  appropr i a t e  l o c a l  o r  s t a t e  a u t h o r i t i e s  should be con tac t ed  
t o  determine the 1 oca1 design requirements f o r  a p a r t i c u l  a r  system. 

1.3 Scope 

T h i  s manual i ncl udes : 

1 .  A s t r a t e g y  f o r  se,ecting an ons te system 

2. A procedure f o r  conducting a s i te  eva lua t ion  

3.  A summary of wastewater c h a r a c t e r i s t i c s  

4. A d i scuss ion  of waste load  modi f ica t ion  

5. 

6. A p re sen ta t ion  of generic o n s i t e  wastewater d i sposa l  methods 

7. 

. ' A p re sen ta t ion  o f  generic o n s i t e  wastewater t rea tment  methods 

A d i scuss ion  o f  appurtenances f o r  o n s i t e  systems 

a1 ternatives 

9. A d i scuss ion  of management of o n s i t e  systems 

'. 8. An overview of r e s i d u a l s  c h a r a c t e r i s t i c s  and t rea tment /d isposa l  

phas i s  of t h i s  manual i s  on systems f o r  single dwell ings and small 
f up t o  10 t o  12 housing u n i t s .  Additional f a c t o r s  m u s t  be 

f o r  clusters of systems serving more than 10 t o  1 2  housing 
brief d i scuss ion  o f  o n s i t e  systems f o r  multi-home u n i t s  and 

/ i n s t i t u t i o n a l  e s t a b l  i shments i s  a1 so presented, when the 
.designs d i f fe r  s i g n i f i c a n t l y  from those  f o r  single dwell ings.  

3 



CHAPTER 2 

STRATEGY FOR ONSITE SYSTEM DESIGN 

2.1 Introduction 

A wide variety of onsite system designs ex i s t  from which t o  select  the 
most appropriate for a given s i t e .  The primary c r i te r ion  for selection 
of one design over another is  protection of the public health while pre- 
venting environmental degradation. Secondary c r i t e r i a  are  cost  and ease 
of operating and maintaining the system. The f a t e  of any residuals re- 
s u l t i n g  from the treatment and disposal system must be considered i n  the 
selection process. I 

Figure 2-1 summarizes wastewater management options for  onsite systems. 
Because of the wide variety,  selection of the system tha t  prevents pub- 
l i c  health hazards and maintains environmental quali ty a t  the l e a s t  cost  
i s  a d i f f i c u l t  task. The purpose o f  this chapter i s  to  present a s t ra -  
tegy for  selecting the optimum onsite system for  a particular environ- 
ment. A t  each step, the reader i s  referred to  the appropriate chapters 
i n  the manual for s i t e  evaluation, and subsequent system design,  con- 
s t ruct ion,  operation and maintenance, and residual s disposal. 

2.2 Onsite System Design Strategy 

Traditionally, subsurface soil  absorption has been used almost exclu- 
sively for  onsi te  disposal o f  wastewater because of i t s  ab i l i t y  t o  meet 
the pub1 i c  h e a l t h  and environmental c r i t e r i a  without the necessity for  
complex design or h i g h  cost. A properly designed, constructed, and 
maintained subsurface absorption system performs re1 iably over a long 
period of time w i t h  l i t t l e  attention. T h i s  i s  because o f  the large 
natural capacity of the soil  t o  assimil a te  the wastewater pol 1 utants. 

Unfortunately, much o f  the land area i n  the United States does not have 
s o i l s  suited for conventional subsurface soil  absorption f ie lds .  I f  
'soil absorption cannot be ut i l ized,  wastewater also may be safely d i s -  
posed of into surface waters or evaporated into the atmosphere. How- 
ever, more complex systems may be required to  re l iably meet the public 
health and environmental c r i t e r i a  where these disposal methods are used. 
Not only a re  complex systems often more costly t o  construct, b u t  they 
a re  also more d i f f i c u l t  and costly to  maintain. Therefore, the onsite 
system selection strategy described here is  based on the assumption t h a t  
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subsurface s o i l  absorDtion i s  the s re fe r red  ons i te  disDosa9 o ~ t i o n  be- 

s i t e  cha rac te r i s t i cs  are unsui table f o r  conventional subsurface sss'l 
absorpt ion systems other  subsurface s o i l  absorpt ion systems may be 
possible. Though these other  systems may be more c o s t l y  t o  cons t ruc t  
than systems employing surface water discharge o r  evaporation, t h e i r  
r e l i a b l e  performance under a minimum o f  superv is ion may make them the  
pre fer red  a1 te rna t ive .  F igure 2-2 i 11 us t ra tes  the  onsi  t e  system design 
s t ra tegy  d i  scussed i n  t h i s  chapter. 

2.2.1 Prel  iminary System Screening 

The f i r s t  step i n  the  design of an ons i te  system i s  the  se lec t ion  o f  t he  
most appropr iate components t o  make up the  system. Since the s i t e  char- 
a c t e r i s t i c s  cons t ra in  the  method o f  disposal more than o ther  components; 
t he  disposal component must be selected f i r s t .  Select ion o f  wastewater 
mod i f i ca t i on  and treatment components fo l low.  To se lec t  the disposal 
method proper ly,  a de ta i l ed  s i t e  evaluat ion i s  required. However, the 
s i t e  cha rac te r i s t i cs  t h a t  must be evaluated may vary w i th  the  disposal  
method. Since i t  i s  n o t  economical nor p r a c t i c a l  t o  evaluate a s i t e  f o r  
every conceivable system design, the  purpose of t h i s  f i r s t  step i s  t o  
e l im ina te  the disposal opt ions w i t h  the l e a s t  po ten t i a l  so t h a t  the de- 
t a i l  ed s i t e  evaluat ion can concentrate on the  most promising options. 

e -  To e f fec t i ve l y  screen the disposal options, the wastewater t o  be t rea ted  
and d i  sposed must be character ized, and an i n i  ti a1 s i t e  i nves t i ga t i on  "3  ; made. I) c I 

+ ; "$; 

i s ,  

B I 2.2.1.1 Wastewater Character izat ion 

The estimated d a i l y  wastewater vo lume and any shor t -  o r  long-term 
va r ia t i ons  i n  f l o w  a f f e c t  the s i ze  of many o f  t he  system components. I n  
addi ti on, the concentrat ions o f  various cons t i tuents  can a f f e c t  the 
t reatment and d i  sposal o p t i  ons chosen. Characteri  s t i  cs a re  presented i n 
Chapter 4 f o r  wastewater from r e s i d e n t i a l  clwellings as wel l  as from 
commerci a1 operat i  ons . 

2.2.1.2 I n i t i a l  S i t e  Evaluat ion 

A l l  useful  informat ion about the  s i t e  should be co l lec ted .  Phis may be 
accomplished by c l i e n t  contact, a review o f  ava i l ab le  publ ished resource 
in fo rmat ion  and records, and an i n i t i a l  s i t e  v i s i t .  C l i e n t  contact  and 
a review o f  publ ished maps and repor ts  should prov ide in format ion re-  
garding the s o i l  s ,  geology, topography, c l imate,  and other  physical  

6 
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features of the s i te  (See 3.3.1 and 3.3.2). An i n i t i a l  sfte visit 
should also be made, and should include a visual survey o f  the area and 
preliminary field testing, i f  required, w i t h  a hand auger (See 3.3.3). 
From this s i te  visit,  general s i te  features such a s  relative soil perme- 
a b i l i t y ,  depth and nature o f  bedrock, depth t o  water table, slope, l o t  
size, and landscape pos i t ion  should be identified. Sources of informa- 
t i o n  and evaluation procedures for s i te  evaluation are detailed i n  
Chapter 3. 

2.2.1.3 Prel iminary Screening o f  Disposal Options 

From the wastewater characteristics and s i te  information gathered i n  
t h i s  step, a prel i m i  nary screening of the disposal options can be made 

- using Table 2-1. T h i s  table indicates the onsite disposal opt ions  t h a t  
potentially may work for the given s i te  constraints. The potentially 
feasible disposal options are identified by not ing w h i c h  ones perform 
effectively under all the given s i te  constraints. Note t h a t  w i t h  suffi- 
cient treatment and presence of receiving waters, surface water dis- 
charge i s  always a potential disposal opt ion.  

As an example, suppose a s i te  for  a single-family home has the following 
general characteristics; 

1. Very rap id ly  permeable soil 
2. Deep bedrock 
3. Shallow water t a b l e  
4. Five to  15 percent slope 
5. Large l o t  
6. Low evaporation potential 

From Table 2-1, the disposal 'op t ions  most applicable t o  the example s i t e  
constraints are: 

1. Mounds 
2. Fills 
3. Surface water discharge 

The design sections i n  Chapter 7 would be consulted a t  this p o i n t  t o  
determine the specific characteristics t o  be evaluated a t  the s i te  i n  
order t o  select the most feasible disposal options. 
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2.2.2 System Selection 

W i t h  the potent ia l ly  feasible disposal 0 ~ ~ ~ 0 ~ ~  i w  mind, a detailed site 
evaluation i s  performed, The i n f o r ~ a ~ i o ~  collected i s  used t o  identify 
the system options t h a t  meet the p u b l i c  health and environmental cri- 
teria. If more t h a n  one system i s  feasible, final selection is  based on 
results o f  a cost effective analysis. Local codes should be consulted 
t o  determine which onsite ~ ~ e a ~ ~ ~ t  and disposat methods are 
i n  the area. 

2 e 2 e 2.1 Deta i  1 ed Si %e Eval uati  on 

A careful, detailed s i te  evaluation i s  needed t o  provide sufficient 
information t o  sel ect the most appropriate treatment and d i  sposal system 
from the potentially feasible system opt ions.  The evaluation should be 
performed i n  a systematic manner so a s  t o  insure t h a t  the infomation 
collected is  useful and i n  sufficient detail. A s i te  evaluation proce- 
dure is  suggested i n  Chapter 3 ,  i n c l u d i n g  descriptions of the tests and 
observations t o  be made. This procedure i s  based on the assumption t h a t  
subsurface soil absorption i s  the preferred method o f  disposal. I f  sub- 
surface absorption cannot be used, techniques are explained for ewaluat- 
i n g  the suitability o f  a s i te  fo r  surface water discharge or  evagora- 
t ion .  

2.2.2.2 Selection ,of Most Appropriate System 

The disposal opt ion  selected after the detailed s i t e  evaluation dictates 
the ,qual i t y  of the wastewater required prior t o  disposal e If suitable 
soils exist onsite to  employ one o f  the subsurface soil absorption meth- 
ods of disposal,  the qual i t y  of the wastewater appl ied need not  be h i g h  
due t o  the assimilative capacity of the soil. Where suitable soils do 
n o t  exist onsite, other methods of disposal t h a t  require a higher qual- 
i t y  of wastewater may be necessary. These wastewater qual i t y  require- 
ments are establ ished during the si te evaluation (Chapter 3 ) .  Waste- 
water reduction and treatment options are selected t o  meet the required 
wastewater qual i ty .  

Altering the characteristics o f  the wastewater generated can have a 
major impact on the design of the treatment and  disposal system. 

'Alteration can be beneficial in reducing the  size or complexity o f  the 
system. Chapter 5 describes a variety of w a ~ t e w a ~ ~ r  reducti on op t i  ons e 



Chapter 6 provi des detai 1 ed i nformati on regardi ng the design, 
construeti on and operati on of vars’ ous treatment opti ons. Selection of 
the most apppopriate treatment option i s  based on performance and cost. 
Various onsite systems may be synthesized from the data presented i n  
Chapters 5 and 6. As an example of the synthesis of treatment and 
di sposal systems fo l l  owi ng the detai 1 ed s i t e  eval uati on, assume that  a1 1 
three disposal options selected i n  2.2.1.3 proved to  be feasible. 

Examination of the f i r s t  two disposal options indicates tha t  only 
minimal pretreatment my be required. T h u s ,  two systems m i g h t  be: 

1. Septic t a n k  - mounds 
2. Septic tank - f i l l  

If groundwater quali t .  i s .  a constraint, however, i t  may be necessary t o  
devel op other systems. Thus ,  i f  n i  trogen di scharges from the di sposal 
system to  the groundwater must be control 1 ed, the two treatment-di sposal 
systems may be revised to  include the following: 

1. Septic t a n k  - mound - deni t r i f icat ion 
2. In-house t o i l e t  segregationlgraywater - sept ic  t a n k  - f i l l  

tha t  a variety of other systems may be developed a s  well. The 
r disposal option l i s t ed  i n  2.2.1.3 i s  surface water discharge. 
a1 treatment options ex is t  i f  the wastewater i s  disposed of by 
arge to  surface waters. F i l t r a t i o n  and disinfection may be 
red a s  part  of those treatment options, depending on the water 
ty requi rements of the appropriate regulatory agency. 

produced from the treatment processes a1 so require safe  
T h i s  must be considered i n  the selection of the treatment and 

Chapter 9 provi des i nformati on regardi ng the 
, required treatment, and methods of ultimate disposal of 
esi dual s produced. 

- 3  System Design 

the components a re  selected, design of the system follows. 
5 ,  6, 7, 8, and 9 should be consulted for design information. 



2.2.4 Onsite System ~ a ~ a ~ e ~ ~ n t  

Past experience has shown t h  t ons i te  management d i s t r i c t s  have many 
benef i t s ,  i nc lud ing  improved s i t e  se lect ion,  system design, csnstruc- 
t i o n ,  and operat ion and maintenance. Management d i s t r i c t s  a lso  f a c i l  i- 
t a t e  the  use o f  more complex systems o r  l a r g e r  systems serv ic ing  a clus- 
t e r  o f  several homes. These d i s t r i c t s  can Lake many forms w i t h  vary ing 
powers. Chapter 10 provides an overvs’ew o f  management opt ions for an- 
s i  t e  systems. 
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CHAPTER 3 

SITE EVALUATION PROCEDURES 

3.1 Introduction 

The environment into which the wastewater is  discharged can be a valu- 
able part  of an onsite wastewater and disposal system. If u t i l i zed  
properly, i t  can provide excellent treatment a t  l i t t l e  cost. However, 
i f  stressed beyond i t s  assimilative capacity, the system will f a i l .  
Therefore, careful s i t e  evaluation i s  a vi ta l  par t  of onsite system 
design . 

.2 Disposal Options 

general , f a c i l i t i e s  designed to  discharge par t ia l ly  treated waste- 
t o  the soil for ultimate disposal are the most re l iab le  and l e a s t  

onsite systems. T h i s  is because l i t t l e  pretreatment of the 
a t e r  is  necessary before application to  the soi l .  The soil has a 
arge capacity t o  transform and recycle most pollutants found i n  

wastewaters. While the assimilative capacity of some surface 
l so  may be great,  the quality of the wastewater t o  be discharged 
em i s  usually speci f ied by 1 oca1 water qual i t y  regulatory 

specified quality may require a more costly treatment 
n the other hand, evaporation of wastewater into the atmo- 
uires l i t t l e  wastewater pretreatment, b u t  this method of d i s -  
everely 1 imi ted by local cl imatic conditions. Therefore, the 
d be carefully evaluated prior t o  the investigation of other 

Wastewater Treatment and Disposal by Soil 

athered and unconsolidated outer layer of the ea r th ' s  
s a complex arrangement of primary mineral and organic 

d i f f e r  i n  composition, s ize ,  shape, and arrangement. 
between the par t ic les  transmit and retain a i r  and water. 
rough these pores tha t  the wastewater must pass to  be 

reated, the i r  character is t ics  are important. 
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determined l a r g e l y  by the physical  proper t ies o f  the s o i l  e 

of some s f  t h e  more important physical proper t ies appear i n  
Descr ipt ions 

The s o i l  i s  capable of t r e a t i n g  organic mater ia ls ,  inorganic substances, 
and pathogens i n  wastewater by ac t i ng  as a f i l t e r ,  exchanger, adsorber, 
and a surface on which many chemical and biochemical processes may 
occur. The combination o f  these processes a c t i n g  on the wastewater as 
i t  passes through the s o i l  produces a water o f  acceptable q u a l i t y  f o r  
discharge i n t o  the groundwater under the proper condi t ions.  

Physical entrapment o f  p a r t i c u l a t e  matter i n  the wastewater may be 
responsible f o r  much o f  the treatment provided by s o i l .  This process 
performs best  when the s o i l  i s  unsaturated. I f  saturated s o i l  condi- 
t i o n s  p r e v a i l ,  t he  wastewater f lows through the l a r g e r  pores and r e -  
ceives minimal treatment. However, i f  the s o i l  i s  kept  unsaturated by 
r e s t r i c t i n g  the wastewater f l o w  i n t o  the s o i l  , f i l t r a t i o n  i s  enhanced 
because the wastewater i s  forced t o  f low through the smaller pores o f  
the s o i l .  

Because most s o i l  p a r t i c l e s  and organic matter are negat ive ly  charged, 
they a t t r a c t  and hold p o s i t i v e l y  charged wastewater components and repel  
those o f  l i k e  charge. The t o t a l  charge on the surfaces o f  the s o i l  sys- 
tem i s  c a l l e d  the c a t i o n  exchange capacity, and i s  a good measure o f  t he  
s o i l ' s  a b i l i t y  t o  r e t a i n  wastewater components. The charged s i t e s  i n  
the  s o i l  are able t o  sorb bacter ia ,  viruses, ammonium, ni t rogen, and 
phosphorus, the p r i n c i p a l  wastewater const i tuents  o f  concern. The 
r e t e n t i o n  o f  bac te r ia  and v i ruses al lows t ime f o r  t h e i r  d i e - o f f  o r  
des t ruc t i on  by other  processes, such as predat ion by other s o i l  micro- 
organisms (1) (2). Ammonium ions can be adsorbed onto c l a y  p a r t i c l e s .  
Where anaerobic condi t ions p r e v a i l ,  the ammonium ions may be reta ined on 
the p a r t i c l e s .  I f oxygen i s  present, bac te r ia  can qu ick l y  n i t r i f y  t he  
ammonium t o  n i t r a t e  which i s  so lub le and i s  e a s i l y  leached t o  the 
groundwater. Phosphorus, on the  other  hand, i s  qu i ck l y  chemisorbed onto 
mineral surfaces o f  the s o i l ,  and as the concentrat ion o f  phosphorus 
increases w i t h  time, p r e c i p i t a t e s  may form w i t h  the i ron ,  aluminum, o r  
calcium n a t u r a l l y  present i n  most so i l s .  Therefore, the movement o f  
phosphorus through most s o i l s  i s  wery slow (1) (2). 

Numerous studies have shown t h a t  2 f t  t o  4 f t  (0.6 t o  1.2 m9 of 
unsaturated s o i l  i s  s u f f i c i e n t  t o  remove bacter ia  and viruses t o  
acceptable l e v e l s  and near ly a l l  phosphorus (1)(2).  The needed depth i s  
determined by the permeabi l i ty  of the s o i l .  So i l s  w i t h  r a p i d  
permeabi 1 i ti es my r-equi r e  greater unsaturated depths bel ow the 
i n f i  1 t r a t i  ve surface than soi 1 s w i  t h  s l  ow permeabi 1 i ti ers. 
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3.2.2 Wastewater Treatment and Disposal by Evaporation 

Wastewater can be returned d i rec t ly  to  the hydrologic cycle by evapora- 
t ion.  T h i s  has appeal i n  onsite wastewater disposal because i t  can be 
used i n  some areas where si te conditions preclude soil  absorption or  i n  
areas where surface water or groundwater contamination i s  a concern. 
The wastewater can be confined and the water removed to  concentrate the 
pol lutants  w i t h i n  the system. 
to  evaporation. However, cl imatic conditions r e s t r i c t  the application 
of this method. 

Li t t le  or  no treatment is  required prior  , 

place from a free water surface, bare s o i l ,  or 
Since 

t o  separate these two processes on pa r t i a l ly  bare 
il surfaces, they a re  considered as  a s ingle  process cal led evapo- 
anspi r a t i  on (ET 1. 

oration from plants i s  cal led transpiration. 

evaporation i s  to  occur continuously, three conditions m u s t  be met 
ust be a continuous supply  o f  heat t o  meet the l a -  

ents of water (approximately 590 cal/gm of water evap- 
Second, the vapor pressure i n  the atmosphere over the 

ra t ive  surface must remain lower than the vapor pressure a t  the 
ce. T h i s  vapor pressure gradient i s  necessary to  remove the mois- 

fusion, convection, or  both. T h i r d ,  there must be a 
f water t o  the evaporative surface. The f i rs t  two 

l y  influenced by meteorological factors  such a s  a i r  
re, humidity, wind velocity,  and solar  radiation, while the 

b e  control 1 ed by desi gn. 

use of evaporation for wastewater disposal requires t h a t  
n exceed the total  water i n p u t  t o  the system. Rates of evap- 

rease dramatically during the cold winter months. In the 
ve lagoons or  evapotranspiration beds, i n p u t  from pre- 
l s o  be included. Therefore, application of evaporation 

sal i s  largely res t r ic ted  to  areas where evaporation 
precipitation rates.  These areas occur primarily i n  the 
United States (see Figure 3-1). In other areas,  evapora- 
sed to  augment percolation in to  the so i l .  

by plants can be used t o  augment evaporation i n  soil-cov- 
(5) (6) .  Plants can t ranspire  a t  h i g h  ra tes ,  b u t  only dur -  
hours of the growing season. During such periods, evapo- 
ra tes  may exceed ten times the ra tes  measured i n  Class A 
nS (7) (8) (9 ) .  However, overall monthly evaporation r a t e s  
d evapotranspiration rates.  Ratios o f  evapotranspiration 

( a s  measured from Class A pans) are  estimated t o  b e  0.75 
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t o  0.8 (6)(1). Therefore, i f  covered disposal systems are to  be used, 
they must be larger  than systems w i t h  a f ree  water surface. 

3.2.3 Wastewater Treatment and Disposal i n  Surface Waters 

Surface waters may be used for  the disposal of treated wastewaters i f  
permitted by the local regulatory agency. The capacity of surface , 

waters to  assimilate wastewater pollutants varies w i t h  the s ize  and type 
of the body of water. In some cases, because of the potential for human 
contact as well as  the concern for  maintaining the qua l i t y  of lakes,  
streams, and wetlands, the use of such waters for  disposal are limited. 
Where they can be used, the minimum quali ty of the wastewater eff luent  
t o  be discharged is  specified by the appropriate water quality agency. 

.3 Site Evaluation Strategy 

ective of a s i t e  investigation i s  t o  evaluate the character is t ics  
area for  t he i r  potential t o  t r e a t  and dispose of wastewater. A 

s i t e  evaluation is one tha t  provides suf f ic ien t  information to  se- 
most appropriate treatment and disposal system from a broad 

feasi bl e opti ons. Thi  s requi res tha t  the si  t e  eval u a t i  on begi n 
options i n  mind, eliminating infeasible options only as 

ed s i t e  data indicate (see Chapter 2). A t  the completion of the 
gation, final selection of a system from those feasible options 
d on costs, aesthetics,  and personal preference. 

valuation should be done i n  a systematic manner to  ensure the 
n collected is  useful and i s  suf f ic ien t  i n  detai l .  A sug- 
cedure is outlined i n  Table 3-1 and discussed i n  the following 

ocedure, which can be used t o  evaluate the f eas ib i l i t y  
gle dwellings or small c lus te rs  of dwell ings ( u p  t o  10 
on the assumption tha t  subsurface soil disposal i s  the 

e method of wastewater disposal. Therefore, the suit- 
soil s and other s i t e  character is t ics  for  subsurface 

aluated first. If found to  be unsuitable, then the 
i l i t y  for  other disposal options i s  evaluated. 
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Step 

C l  i e n t  Contact 

TABLE 3-1 

SUGGESTED SITE EVALUATION PROCEDURE 

Prel  i m i  nary Eva1 u a t i  on 

F i  e l  d Test i  ng 

Other S i t e  
Characteri  s t i  cs 

Organization o f  F i  e l  d 
In format i  on 

Data Col l  ected 

Locat ion and descr ip t ion o f  l o t  
Type o f  use 
Volume and cha rac te r i s t i cs  of 

wastewater 

Avai lab le resource in format ion 
( s o i l  maps, geology, e tc . )  

Records o f  ons i te  systems i n  
surroundi ng area 

Topography and landscape features 
Soi 1 p r o f i  1 e character i  s t i  cs 
Hydraul i c conducti v i  ty 

I f  needed, s i t e  s u i t a b i l i t y  f o r  
evaporation or di scharge t o  
surface waters should be 
eval uated 

Compilation o f  a l l  data i n t o  
useable form 

3.3.1 C1 i e n t  Contact 

Before performing any ons i te  test ing,  i t  i s  important t o  gather i n f o m a -  
t i o n  about the s i t e  t h a t  w i l l  be useful i n  evaluat ing i t s  p o t e n t i a l  f o r  
t r e a t i n g  and disposing of wastewater. This begins w i t h  the p a r t y  devel- 
oping the  l o t .  The l o c a t i o n  o f  the l o t  and the intended development 
should be establ ished. The volume and character o f  the generated waste- 
water should be estimated. Any wastewater const i tuents  t h a t  may pose 
p o t e n t i a l  problems i n  treatment and disposal , such as strong organic 
wastewaters, 1 arge q u a n t i t i e s  o f  greases, f a t s  o r  o i l s ,  hazardous and 
t o x i c  substances, etc., should be i d e n t i f i e d .  This in format ion helps t o  

, focus the s i t e  evaluat ion on the important s i t e  cha rac te r i s t i cs .  

18 
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3.3.2 Preliminary Evaluation 

The next step i s  to  gather any available resource information about the 
s i t e .  T h i s  includes so i l s ,  geology, topography, etc. ,  t ha t  may be pub- 
l ished on maps or i n  reports. Local records of soil  t e s t s ,  system de- 
signs, and reported problems w i t h  onsite systems i n s t a l l e d  i n  the sur- 
rounding area should also be reviewed. T h i s  information may lack accu- 
racy, b u t  i t  can be useful i n  identifying potential problems or particu- ' 

l a r  features to  investigate. A p lot  plan of the l o t  and the land im-  
mediately adjacent t o  i t  should be drawn to  a scale large enough so tha t  
the information gathered i n  this and l a t e r  steps can be displayed on the 
drawing. The proposed layout of a l l  b u i l d i n g s  and other manmade fea- 
tures  should also be sketched i n .  

3.3.2.1 Soil Surveys 

surveys are  usually found a t  the local USDA Soil Conservation Ser- 
(SCS) office.  Also, some areas of the country have been mapped by 

agency and these maps may be located a t  the appropriate s t a t e  
In counties now being mapped, advance field sheets w i t h  in ter-  

tables  often can be obtained from the SCS. 

soil  survey reports are a collection of aerial  photographs of the 
area, usually a county, on which  the dis t r ibut ion and k i n d  of 
e indicated. Interpretations about the potential uses of each 

farming, woodland, recreation, engineeering uses, and other 
uses are provided. Detailed descriptions of each soil  se r ies  
the area are also given. The maps a re  usually drawn t o  a scale 
to  1 mile. An example of a portion of a soil map i s  shown i n  

s for  each mapping u n i t  give the name of the soil  se r ies ,  
ree of erosion (10). The soil se r ies  name i s  g iven  a two- 
the f i rs t  i n  upper case, the second i n  lower case- Slope 

an upper case l e t t e r  from A t o  F. A slopes are  f l a t  o r  
F slopes are steep. The specific slope range tha t  each 
s differs from survey to survey. The degree of erosion, 

is given a number representing an erosion class.  The 
y range from 1 t o  3, representing s l igh t ly  eroded to  se- 

hases. The legend for the map symbols is  found immedi- 
and following the map sheets i n  the modern p u b l i s h e d  

xample translation of a map symbol from Figure 3-2 i s  
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F I G U R E  3-2 

EXAMPLE OF A PORTION OF A S O I L  MAP A S  PUBLISHED 
IN A DETAILED S O I L  SURVEY (ACTUAL S I Z E )  

3 Acres 

100’ x 100’ 
#oil Absorptio 

Area 

F I G U R E  3-3 

TRANSLATION OF T Y P I C A L  S O I L  MAPPING UNIT SYMBOL 

Erosion Class 
(Moderately Eroded) 

Soil Series 

Slope Class 
(In This Survey 2-6%) 
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Interpretations about potential uses of each soil  se r ies  are  listed i n  
tables within the t ex t  of the report. The s o i l ' s  su i tab i l iy  for  subsur- 
face soil absorption systems and 1 agoons are specif ical ly  indicated. 
Engineering properties are  a1 so 1 i s ted ,  often incl uding depth to  bed- 
rock, seasonal h i g h  water table,  percolation ra te ,  shrink-swell poten- 
t i a l  , drainage potential ,  etc.  F1 ooding hazard and other important fac- 
t o r s  are  discussed for  each mapping u n i t  w i t h  the prof i le  descriptions. 

While the soil  surveys of fe r  good preliminary information about an area, 
i t  is  n o t  complete nor a substi tute for  a f i e ld  study. Because of the 
scale used, the mapping ynits cannot represent areas smaller than 2 t o  3 
acres (8,100 t o  12,100 m ). Thus ,  there may be inclusions of so i l s  w i t h  
sighificantly d i f fe ren t  character w i t h i n  mapping u n i t s  t ha t  cannot be 
indicated. For typical b u i l d i n g  l o t s ,  the map loses  accuracy. There- 
fore, these maps cannot be substituted for onsite tes t ing i n  most cases. 

imitations ratings used by SCS for  septic tank-soil absorption systems 
based on conventional trench or bed designs, and t h u s  do not i n d i -  

e the soil 's su i t ab i l i t y  for  other designs. Table 3-2 l is ts  the 
t e r i a  used i n  making the limitation ratings. They are based on a 

absorption system w i t h  the bottom surface located 2 f t  (0.6 m )  
w the soil  surface. In many cases, the 1 imitations can be overcome 

esi gn . Therefore , the interpretat ions shoul d be used 

rmation provided by the soil survey should be transferred to  the 
wing along w i t h  other important information. An example for  a 

1 s  shown i n  Figure 3-4. Information for  each of the soil sites 
on Figure 3-4 is  presented i n  Table 3-3. 

3.3.2.2 U.S. Geological Survey Quadrangles 

s published by the U.S. Geological Survey may be useful i n  
topography, local depressions or wet areas, rock out- 

nal drainage patterns and water tab1 e elevations. These 
ly  drawn to  a scale of 1:24,000 (7.5 minute ser ies)  or 
nute ser ies ) .  However, because of their scale,  they a re  

for  evaluating small parcels. 

21 



TABLE 3-2 

SOIL LIMITATIONS RATINGS USED BY SCS 
FOR SEPTIC TANKlSOIL ABSORPTION FIELDS 

[Modi f i  ed a f t e r  (10) 1 

Property 

USDA Texture 

F1 oodi ng 

Depth t o  Bedrock, 
i n. 

Depth t o  Cemented 
Pan,  i n .  

Depth t o  High 
Water Table,  f t  
bel ow ground 

Permeability, 
i n. /hr 

24-60 i n. 1 ayer 
layers  (24 i n .  

S1 ope, percent 

Fract ion >3 i n . ,  
percent by w t  

Li m i  t s  
S1 i a h t  Moderate Severe 

---- 
None, 

Protected 

>72 

>72 

>6 

2.0-6.0 --- 
0-8 

(2 5 

---- 
Rare 

40-72 

40-72 

4-6 

0.6-2 .O --- 
8-15 

25-50 

Ice 

Common 

(40 

(40 

(4 

(0.6 
>6.0 

>15 

>50 

Res tri ct i  ve 
Feature 

Permafrost 

F1 oods 

Depth t o  Rock 

Depth t o  
Cemented Pan  

Pondi ng , 
Wetness 

Slow Perc. Rate 
Poor Fi  1 ter 

Sl ope 

Large Stones 

3.3.2.3 Local Records 

Soil test  r epor t s  and records of reported f a i l u r e  of onsite systems from 
the surrounding area may be a source of valuable infornat ion.  The soil 
t e s t  repor t s  can provide an ind ica t ion  of so i l  types and v a r i a b i l i t y .  
Performance o f  systems may be determined from the reported f a i l u r e s .  
These records are usual l y  avail ab1 e from the 1 oca1 regul atory agency, 
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FIGURE 3-4 

PLOT PLAN SHOWING SOIL SERIES BOUNDARIES 
FROM SOIL SURVEY REPORT 

Drainage 
Way  
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TABLE 3-3 

SOIL SURVEY REPORT INFORMATION 
FOR PARCEL IN FIGURE 3-4 

Soi 1 
Absorption Dep th  t o  

Ma P Soi 1 Limitation Flood H i g h  W a t e r  Depth t o  Permeabili ty 
Perm. 

i n .  i n. /hr 
Symbol S e r i e s  Slope Rating Hazard T a b l e  Bedrock Depth -- 

f t  -% 

DnC2 Dodge 2-6 Moderate No >5 5-10 0-40 0.63-2.0 
40-60 2.0-6.3 

Severe Yes 3-5 >10 0-60 0.63-20 TrB Troxel 2-6 

PnB Plano 2-6 Moderate No 3-5 >10 0-41 0.63-2.0 
41-60 2.0-6.3 

3.3 .3  Field Testing 

Fie1 d tes t ing begins w i t h  a v i  sual survey of the parcel t o  locate poten- 
t i a l  s i t e s  for subsurface soil absorption. Soi l  bor ings  are made i n  the 
potential s i t e s  t o  observe the soil characterist ics.  Percolation t e s t s  
may be conducted i n  those so i l s  t ha t  appear t o  be well suited. If no 
potential s i t e s  can be found from ei ther  the visual survey, soil bor- 
i ngs ,  o r  percolation t e s t s ,  then other means o f  disposal should be 
i nv e s t i gated . 

3.3.3.1 V i  sual Survey 

A visual survey is made to  locate the areas on the l o t  w i t h  the greatest  
potential f o r  subsurface soil absorption. The location of any depres- 
sions gul l ies ,  steep slopes, rocks or rock outcrops, or other obvious 
land and surface features are noted and marked on the p l o t  plan. Vege- 
t a t i o n  types are also noted t h a t  may indicate wetness o r  shallow so i l s .  
Locations and distances from a permanent benchmark t o  l o t  1 ines, wells, 
surface waters, b u i l d i n g s ,  and other features or structures are also 
marked on the p lo t  plan (see Figure 3-5). If a suitable area cannot be 
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FIGURE 3-5 

PLOT PLAN SHOWING SURFACE FEATURES 

/ 

c 400 Ft. 
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found f o r  a subsurface soi l  absorption system based on this information 
other  disposal options must be considered (see Chapter 2). The remain- 
der of the f i e ld  testing can be al tered accordingly. 

3.3.3.2 Landscape Position 

The  landscape position and landform for  each su i tab le  area should be 
noted. Figure 3-6 can be used a s  a guide fo r  identifying landscape 
posit ions,  T h i s  information is  useful i n  estimating surface and subsur- 
face drainage patterns. For example, h i l l t ops  and sideslopes can be 
expected t o  have good surface and subsurface drainage, while depressions 
and footslopes a re  more l i ke ly  t o  be poorly drained. 

3.3.3.3 Slope 

The type and degree of slope of the area should be determined. The type 
of slope indicates  what surface drainage problems may be expected. For 
exampl e,  concave SI opes cause surface runoff t o  converge, whi 1 e convex 
sl opes disperse the runoff ( see Figure 3-6) .  

Some treatment and disposal systems are l imited by slopes. Therefore, 
slope measurement is important. Land slopes can be expressed i n  several 
ways ( see Figure 3-7) : 

1. PERCENT OF GRADE - The feet o f  vert ical  rise or  f a l l  i n  100 f t  

2 .  SLOPE - The r a t i o  of ver t ical  rise o r  f a l l  t o  horizontal 

3 .  

4. TOPOGRAPHIC ARC - The feet o f  vert ical  rise o r  f a l l  i n  66 f t  

horizontal distance. 

distance, 

ANGLE - The degrees and minutes from horizontal. 

20 m) horizontal d i  stance. 

Land slopes a re  usually determined by measuring the slope of a line 
paral le l  t o  the ground w i t h  an Abney Level either a t  eye h e i g h t  o r  a t  
some other f ixed  height above the ground. If  an ordinary hand level is  
used, then slopes a re  determined by horizontal line o f  s i g h t  which  give 
changes i n  elevation fo r  specif ic  horizontal distances. A hand level is 
l imited i n  use because i t  is best suited fo r  slope determinations up  
grade only, b u t  has the advantage t h a t  only one person i s  needed f o r  
mapping slopes. Three methods of slope determinations are discussed 
bel ow. 
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FIGURE 3-6 

Slope I 

T, Concave 
Slope 

FIGURE 3-7 



, 

Instrument Supported - Abney Level : For accurate slope determinations, 
notch two sticks or cut forked sticks so they will hold the level 5 f t  
(1.5 m) above the ground. Rest the level i n  the notch or fork and sight 
to  the notch or fork of the other s t ick held by another person a t  a 
p o i n t  on the slope. The land slope i s  read directly i n  percent on the 
Abney Level. 

Abney Level: On level ground, sight the person working w i t h  you to  
determine the p o i n t  of intersection of your line o f  sight on h im when 
the instrument is i n  pos i t ion  fo r  use as a hand level (zero level posi- 
t ion) .  When he is  on the slope, s i g h t  the same p o i n t  on the person 
assisting you and read the slope directly. 

Hand Level: 'Height of eye must be determined. Then s i g h t  the p o i n t  of 
interception w i t h  the ground surface and determi ne, by tape measurement 
or pacing, the ground surface distance between the s i g h t i n g  p o i n t  and 
the p o i n t  o f  intercept. To calculate land  slope i n  percent, divide your 
height of eye by the ground surface distance and mult iply by 100. 

Using one of the above procedures or other surveying methods, slopes a t  
selected sites can be determined so t h a t  topography can be mapped. The 
number of sites needed will depend on the complexity o f  slopes. Slope 
determinations should be made a t  each apparent change i n  slope a t  known 
locations so steep slope areas can be accurately drawn. Experience will 
be required for proficiency and accuracy i n  mapping. Steep slope areas 
4 n natural topography have irregular form and curved boundaries. 
Uniform boundaries hav ing  s t r a igh t  lines and angular corners indicate 
man-altered conditions. For large areas i t  may be necessary t o  draw 
contour lines so t h a t  slopes a t  different po in t s  i n  the p l o t  can be 
determi ned. 

3.3.3.4 Soil Borings 

Observation and evaluation of soil characteristics can best be deter- 
mined from a p i t  dug by a backhoe or other excavating equipment. How- 
ever, an experienced soil tester can do a satisfactory j o b  by us ing  a 
hand auger or  probe. Both methods are suggested. Hand too ls  can be 
used t o  determine soil variability over the area and p i t s  used t o  de- 
scribe the various soil types found. 

' Soil pits should be prepared a t  the perimeter of the expected soil 
absorption area. Pits prepared w i t h i n  the absorption area often se t t le ,  
after the system has been installed and may d i s r u p t  the d i s t r i b u t i o n  
network. If hand augers are used, the holes may be made w i t h i n  the 



absorption area. Sufficient borings or pits should be made to  ade- 
quately describe the s o i l s  i n  the area, and should be deep enough t o  
assure tha t  a suf f ic ien t  depth of unsaturated soil  exists below the 
proposed bottom elevation of the absorption area. Variable soil  
conditions may require many p i t s .  

Since i n  some cases subtle differences i n  color need t o  be recognized, 
i t  is  often advantageous to prepare the soil  p i t  so the sun  will be 
s h i n i n g  on the face dur ing  the observation period. Natural l i g h t  will 
give true color interpretations.  Art i f ic ia l  1 i g h t i n g  should not be 

3.3.3.5 Soil Texture 

ure i s  one of the most important physical properties of soil  because 
t s  close relationship to  pore size,  pore s ize  dis t r ibut ion,  and pore 
inuity.  I t  re fe rs  t o  the relat ive proportion of the various s izes  
olid par t ic les  i n  the soil t h a t  are smaller t h a n  2 mm i n  diameter. 
soil  texture i s  determined i n  the f i e ld  by rubbing a moist sample 

n the thumb and forefinger. A water bot t le  i s  useful for  moistur- 
the sample. The gr i t t iness ,  "silkiness," or st ickiness can be 
reted as being caused by the soil  separates of sand, s i l t ,  and 

I t  is  extremely helpful to  work w i t h  some known samples t o  gain 
nce w i t h  f i e ld  texturing. 

aboratory analysis of soil  texture is done routinely by many lab- 
es ,  f ie ld  texturing can g ive  as good information as  laboratory 
d therefore expenditures of time and money for  laboratory analy- 

not necessary. To determine the soil  texture,  moisten a sample 
about one-half t o  one inch i n  diameter. There should be just 

sture so tha t  the consistency i s  l ike putty.  Too much mois- 
t s  i n  a sticky material, which i s  hard t o  work. Press and 
e sample between the thumb and forefinger. Gradually press 
forward to  t ry  to  form a ribbon from the soil  (see Figure  
us ing  this procedure, the texture of the soil can be easi ly  

nd Figures 3-9 and 3-10 describe the feeling and appearance 
us soil  textures for  a general soil  c lass i f icat ion.  
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FIGURE 3-8 

TION OF SOIL SAMPLE FOR F LD 
DETERMINATION OF SOIL TEXTURE 

(A) Moistening Sample 

. . .  . .  

(B) Forming Cast 

(C)  Ribboning 
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TABLE 3-4 

TEXTURAL PROPERTIES OF 1 

Feel ing and 
Dry Soi l  

Loose, s i  ngl e gra i  ns which 
fee l  g r i t t y .  Squeezed i n 
the hand, the s o i l  mass 
f a l l s  apa r t  when the  
pressure i s re1 eased. 

ndy Loam Aggregates e a s i l y  crushed; 
very f a i n t  vel vety f e e l i  nq 

Very f i r m  aggregates and 
hard clods t h a t  s t ronalv  

fee l i ng  due t o  the harshness 
o f  t he  verv small aaareaates 

regates are hard; clods 
extremely hard and 

ongly r e s i s t  crushing by 
d. When pul  ver i  zed, i t 
a g r i t - l i k e  tex tu re  due 
he harshness o f  numerous 

small aqqreqates which 

i n i t i  a1 l y  bu t  w i  <h cont i  n ied 
rubbing the g r i t t y  f e e l i n g  
o f  sand soon dominates. 

Aggregates are crushed under 
moderate pressure; clods can 
be q u i t e  f i r m .  When pulver-  
ized, loam has velvety fee l  
t h a t  becomes g r i t t y  w i t h  
con t i  nued rubbing. Casts 
bear carefu l  handli  ng. 

Aggregates are f i r m  bu t  may 
be crushed under moderate 
pressure. Clods are f i r m  t o  
hard. Smooth, f l o u r - l i k e  
f e e l  domi nates when soi 1 i s 
pul v e r i  zed. 

p- e. When pulverized, the s o i l  
r e s i s t  crushi ng by haid‘: 

takes on a somewhat q r i t t - y  

“U u 

-., which p e r s s t .  
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YINERAL SOILS 

Appearance 
Moi s t  Soi 1 

Squeezed i n  the hand, i t  
forms a cast  which crumbles 
when touched. Does not form 
a r ibbon between thumb and 
f o re f  i nger . 
Forms a cast  which bears 
carefu l  handl i ng w i thou t  
breaking. Does not  form a 
r ibbon between thumb and 
foref inger .  

Cast can be handl ed q u i t e  
f r e e l y  wi thout  breaking. 
Very s l i g h t  tendency t o  
r ibbon between thumb and 
f o r e f i  nger. Rubbed surface 
i s  rough. 

Cast can be f r e e l y  handled 
wi thout  breaki ng. 
tendency t o  r ibbon between 
thumb and fo re f i nge r .  Rubbed 
surface has a broken or 
r i p p l e d  appearance. 

Cast can bear much handl ing 
w i  thou t breaki ng. P i  nched 
between the thumb and 
foref inger ,  i t  forms a r ibbon 
whose surface tends t o  f e e l  
s l i g h t l y  g r i t t y  when dampened 
and rubbed. Soi l  i s  p l a s t i c ,  
s t i c k y  and puddles eas i ly .  

Casts can bear considerable 
handling wi thout  breaking. 
Forms a f l e x i b l e  r ibbon 
between thumb and f o r e f i n g e r  
and r e t a i n s  i t s  p l a s t i c i t y  
when elongated. Rubbed 
surface has a very smooth, 
s a t i n  fee l ing.  St icky when 
wet and eas i l y  puddled. 

S1 i ght  



FIGURE 3-9 

SOIL  TEXTURE DETERMINATION BY HAND: PHYSICAL 
APPEARANCE OF VARIOUS SOIL TEXTURES 

Dry 

Sandy 
Loam e 

4 

Weak Aggregates No Ribbon; Non-Plastic Cast 

Silt 
Loam 

Very S I ig ht R i bbon i ng 
Firm Aggregates Tendency; Moderately 

Plastic Cast 

P 

Clay 

Hard Aggregates Ribbons Easily; Plastic Cast 
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FIGURE 3-10 

COMPARISON OF RIBBONS AND CASTS OF SANDY LOAM 
AND CLAY (RIBBONS ABOVE,  CASTS BELOW) 

a 

If  the soil  sample ribbons (loam, clay loam, or  c lay) ,  i t  may be desir- 
ble to  determine i f  sand or  s i l t  predominate. If there i s  a g r i t t y  
eel and a lack of smooth talc-1 ike feel, then sand very 1 ikely predomi- 
ates. If there i s  a lack of a g r i t t y  feel b u t  a smooth talc-l ike feel , 

I n  s i l t  predominates. If there is  not a predominance of either the 
0 t h  or g r i t t y  f ee l ,  then the sample should not be called anything 
er than a clay, clay loam, or loam. If a sample feels  quite smooth 
.h l i t t l e  or no grit i n  i t ,  and will not form a ribbon, the sample 
rld be called s i l t  loam. 

t the top or bottom of the p i t  sidewall, obvious changes i n  
h depth are  noted. Boundaries t ha t  can be seen a re  marked. 
of each layer or horizon is  determined and the demarcations 

ies changed as appropriate. When the textures have been 
ined for  each layer,  the d e p t h ,  thickness, and texture of each 

de d (see F i g  ure 3-11). 

k 3.3.3.6 Soil Structure 

tructure has a s ignif icant  influence on the s o i l ' s  acceptance and 
sion of water. Soil structure refers  t o  the aqqreqation of soil  

C l u s t e r s  of ' part ic les ,  called peds, that-  
. -  
are  separ'a ted bY 

f weakness. These surfaces of weakness open planar pores 
peds tha t  are often seen as cracks i n  the so i l .  These pla-  

can greatly modify the influence of soil  texture on water 
We1 1 -structured soil s w i  t h  1 arge voids between peds w i  11 

ter more rapidly than structureless so i l s  of the same tex- 
ar ly  i f  the soil has become dry before the water is 
extured. massive soil  s ( so i l  s w i t h  1 i t t l  e s t ructure)  have 
01 a t i  on -rate !S.  



FIGURE 3-11 

EXAMPLE PROCEDURE FOR COLLECTING 
SOIL PIT OBSERVATION INFORMATION 

Depth 
(?.) Texture Structure 

Silt Granular 

Si Ity 

" 
Platy 

4 

6 

8 

10 

12 

Sandy 
Loam 

i 

Platy I Massive 

Color 

Brown None 

. .  
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If a detailed analysis of the soil  structure is  necessary, the sidewall 
of the soil  p i t  should be carefully examined, using a pick or similar 
device t o  expose the natural cleavages and planes of weakness. Cracks 
i n  the face of the soil prof i le  are indications of breaks between soil  
peds. The shapes created by the cracks should be compared to  the shapes 
shown i n  Figure 3-12. If cracks are not visible, a sample of soil  
should be carefully picked out and, by hand, carefully separated into 
the structural  units u n t i l  any fur ther  breakdown can only be achieved by 
fracturing. 

Since the structure can significantly a1 ter the hydraulic characteris- 
t i c s  of s o i l s ,  more detailed descriptions of soil structure are some- 
times desirable. Size and grade of durabili ty of the structural  units 
provide useful information to  estimate hydraul i c  conductivities. De- 
scriptions of types and classes of soil structure used by SCS are  given 
i n  ADDendiX A. Grade descriPtions are qiven i n  Table 3-5. The type,  . .  

ize ,  and grade of each horizon or zone is recorded i n  Figure 3-11. 

3.3.3.7 Soil Color 

olor and color patterns i n  soil are good indicators of the drainage 
c t e r i s t i c s  of the so i l .  Soil properties, location i n  the 1a.nd- 
, and climate a l l  influence water movement i n  the so i l .  These 
rs cause some so i l s  t o  be saturated or seasonally saturated,  
t i n g  their abil i t y  t o  absorb and t r e a t  wastewater. Interpretation 
il color aids i n  ident i fy ing  these conditions. 

ay be described by estimating the t rue color for  each horizon or 
paring the soil w i t h  the colors i n  a soil  color book. I n  e i t he r  
i t  i s  particularly important t o  note the colors or color patterns. 

some soil  and,, without crushing, observe the color. I t  i s  
t to  have good s u n l i g h t  and know the moisture s ta tus  of the 

If ped faces a re  dry,  some water applied from a mist bot t le  
observation of moist colors. 

s often adequate to  speak of soil  colors i n  general terms, 
standard method of describing col ors u s i n g  Munsell col or 

notation i s  used i n  soil survey reports and soil  de- 
i s  the dominant spectral color and refers  to  the l i g h t -  

ess of the color between black and white. Chroma is  ‘the 
of strength of the color, and ranges from gray t o  a 
t ha t  hue. Numbers are  given to  each of the, variables 

ription i s  also given. For example, l O Y R  3/2 corre- 
hue of l O Y R  value of 3 and chroma 2. T h i s  i s  a very 
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FIGURE 3-12 

TYPES OF SOIL STRUCTURE 

Grade 

S t ruc tu re1  ess 

Weak 

- 

,< Moderate 

Strong 

TABLE 3-5 

GRADES OF SOIL STRUCTURE 

I 

Characteristics 

No observable aggregation. 

Poorly formed and d i f f i c u l t  t o  see. 
Will not  r e t a i n  shape on handling. 

Evident but no t  d i s t i n c t  i n  undis turbed  

Moderately durable  on handling. 
soi 1. 

Visually d i s t i n c t  i n  undisturbed soil .  
Durable on hand1 i ng. 
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If a soil  color book is  used to  determine soil colors, hold the soi l  and 
book so the. s u n  shines over your shoulder. Match the soil color w i t h  
the color chip i n  the book. Record the hue, chroma and value, and the 
color name. 

Mottling i n  so i l s  i s  described by the color of the soil  matrix and the 
color or colors,  s ize ,  and number of the mottles. Each color may be 
given a Munsell designation and name. However, i t  is  often suf f ic ien t  
to  say the soil  is  mottled. A classif icat ion of 'mottles used by the 
USDA i s  shown i n  Table 3-6. Some examples o f  soil mottling are shown on 
the inside back cover of this manual. 

TABLE 3-6 

DESCRIPTION OF SOIL MOTTLES (10) 

C1 ass  L i m i t  

Few <2% of exposed face 
Common 2 4 0 %  of exposed face 

" 

saturated s o i l s  can usually be detected by soil  bo 
wet season or by the presence of mot t led  so i l s  (see 

t e r  systems or for  developments where each d 
nsite system, the use of observation wells may 

r e  constructed as shown i n  Figure 3-13. The well 
t not extended through, the horizon tha t  i s  tc 
than one well i n  each horizon tha t  may become 

rable. The wells are monitored over a norma 
the presence and duration of water i n  the 

i n  the well for several days, the water level el 
d assumed to  be the elevation o f  the seasonally 
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Ma ny 

Fi ne 
Medi um 
Coarse 

Fai n t  
D i  s ti  nct Readily seen b u t  n o t  striking 
Prominent 

>20% of exposed face 

<5mm 1 ongest dimension 
5-15mm 1 onges t di mensi on 
>15mm 1 ongest dimensi on 

Recognized only by close observation 

Obvi ous and stri k i  ng 

.3.3.8 Seasonally Saturated Soils 

r i n g s  made 
! 3.3.3.7) .  
wel l ing  is  

be justi- 
shoul d be 

3 be moni- 
seasonally 
11 wet sea- 
well. If  
evation i s  

saturated 



FIGURE 3-13 

TYPICAL OBSERVATION WELL FOR 
DETERMINING SOIL SATURATION 

EL ..... ..... 
..... 
...I). 

' I  Puddled Clay - or Equal Parts of 
Soil and Cement 

Mixture 

1" 
Excavated Soil Material 

(Tamped in when placing 
1 "-4" Diameter 

1 1/211-3/41' Gravel t o  be  Monitored 

3.3.3.9 Other Selected Soi l  Character is t ics  

S o i l  bu l k  densi ty  i s  r e l a t e d  t o  po ros i t y  and the movement o f  water. 
High bu lk  densi ty  i s  an i n d i c a t i o n  o f  l o w  po ros i t y  and r e s t r i c t e d  f low 
o f  water. Re la t i ve  bu lk  dens i t i es  o f  d i f f e r e n t  s o i l  horizons can be 
detected i n  the  f i e l d  by pushing a k n i f e  o r  o ther  instrument i n t o  each 
horizon. I f  one hor izon o f f e r s  considerably more res is tance t o  penetra- 
t i o n  than the  others, i t s  bu lk  densi ty  i s  probably higher. However, i n  
some cases, cementing agents between s o i l  gra ins o r  peds may be the 
cause o f  res is tance t o  penetrat ion. 

Swel l ing clays, p a r t i c u l a r l y  montmor i l lon i te  clays, can seal o f f  s o i l  
pores when wet. They can be detected dur ing f i e l d  t e x t u r i n g  o f  t he  s o i l  
by t h e i r  tendency t o  be more s t i c k y  and p l a s t i c  when wet. 
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3.3.3.10 Hydraulic Conductivity 

Several methods of measuring the hydraul i c  conductivity of soil  s have 
been developed (1)(11). The most commonly used t e s t  is  the percolation 
t e s t .  When r u n  properly, the test can give an approximate measure of . 
the soil ' s saturated hydraul i c  conductivity. However, the percolation 
o f  wastewater through soil bel ow soil disposal systems usually occurs 
through unsaturated soi ls .  Therefore, empirical factors must be used to  ' 

estimate unsaturated conductivities. The unsaturated hydraul i c  conduc- 
t i v i  t ies  can vary dramatically from the saturated hydraul i c  conductivity 
w i t h  changes i n  soil  character is t ics  and moisture content ( see Appendix 
A )  

e percolation test i s  often c r i t i c ized  because of i t s  var iab i l i ty  and 
i l  ure t o  measure the hydraul i c  conductivity accurately. Percolation 
sts conducted i n  the same s o i l s  can vary by 90% or more (1)(11)(12) 
3)(14). Reasons for  the large var iabi l i ty  are a t t r ibuted to  the pro- 
dure used, the soil moisture conditions a t  the time of the t e s t ,  and 

n d i v i d u a l  performing the t e s t .  Despite these shortcomings, the 
la t ion  t e s t  can be useful i f  used together w i t h  the soil  borings 

The t e s t  can be used to  rank the relat ive hydraulic conductivity 
e so i l .  Estimated percolation rates  for  various soil  textures a re  

TABLE 3-7 

ESTIMATED HYDRAULIC CHARACTERISTICS OF SOIL (15) 

Permea bi  1 i ty Percol a ti on 
mi n / i  n. 

>6.0 < l o  

i n. /hr 

0.2-6.0 10-45 

<o. 2 >45 
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If test  results agree w i t h  this table, the tes t  and boring data  are 
probably correct and can be used i n  design. If no t ,  either the test  was 
r u n  improperly or soil structure or clay mineralogy have a significant 
effect on the hydraulic conductivity. For example, i f  the texture of a 
soil  i s )  determined to be a clay loam, the estimated percolation rate i s  
slower than 45 min / in .  (18 minlcm). If  the measured percolation rate is 
15 min / in .  (6 minfcm), however, either the texture is incorrect or the 
soil has strong structure w i t h  large cracks between peds. The tester 
should be cautious i n  such soils because the unsaturated hydraulic 
conductivity may be many times less. Expandable clays may be present 
that could close many of the pores. 

Several percolation tes t  procedures are used (11) (16). The most common 
procedure i s  the f a l l i n g  head test  (11). Though less reproducible t h a n  
other procedures, i t  i s  simple t o  perform i n  the field (11) (12). The 
f a l l i n g  head procedure i s  outlined i n  Table 3-8. A diagram of a 
"percometer" designed t o  simp1 i fy the testi ng i s  i 1 lustrated i n Figure 
3-14. For a discussion of other methods see the National Environmental 
Health Association's "On-Si t e  Wastewater Management" (16). 

Data collected from the percolation test  can be tabulated u s i n g  a form 
similar t o  the one illustrated i n  Figure 3-15. 

3.3.4 Other Site Characteristics 

If subsurface disposal does not  appear t o  be a viable option or 
cost-effective, other methods of di sposal are evaluated (see Chapter 2 ) .  
Evaporation and discharge t o  surface waters are other options t o  
investigate. Each requires further s i te  evaluation. 

3.3.4.1 Site Eva1 uation of Evaporation Potential 

Evaporation and evapotranspiration can be used a s  the sole means of dis- 
posal o r  as  a supplement t o  soil absorption. To be effective, evapora- 
t i o n  should exceed precipitation i n  the area. The difference between 
evaporation and precipitation rates provides estimates of quanti t i es  o f  
water t h a t  can be evaporated from a free water surface. 

Weather data can be obtained from local weather s t a t ions  and the Na- 
t ional  Oceanic and Atmosphere Admini stration (NOAA) . Rainfall and snow- 
fall  measurements are available from NOAA for  thousands of weather sta- 
t i o n s  throughout  the country. Many local agencies also maintain rec- 
ords. A critical wet year i s  typically used fo r  design based on a t  
least  10 years of records (18). 
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1. 

2. 

3. 

TABLE 3-13 

F A L L I N G  HEAD PERCOLATION TEST PROCEDURE 

Number and Loca t ion  o f  Tes ts  

Commonly a minimum o f  t h r e e  p e r c o l a t i o n  t e s t s  a r e  performed w i t h i n  t h e  area proposed 
f o r  an abso rp t i on  system. 
cond i t i ons  a r e  h i g h l y  va r iab le ,  more t e s t s  may be requ i red .  

They a r e  spaced u n i f o r m l y  th roughout  t h e  area. I f  s o i l  

P repara t i  on o f  Tes t  Ho le  

The diameter o f  each t e s t  h o l e  i s  6 i n . ,  dug o r  bored t o  t h e  proposed depths a t  t h e  
abso rp t i on  systems o r  t o  t h e  most l i m i t i n g  s o i l  hor izon. To expose a n a t u r a l  s o i l  
surface, t h e  s ides  o f  t h e  ho le  a r e  scra tched w i t h  a sharp p o i n t e d  i ns t rumen t  and t h e  
l oose  ma te r ia l  i s  removed from t h e  bottom o f  t h e  t e s t  hole. Two inches  o f  1/2 t o  3/4 
i n .  g rave l  a r e  p laced  i n  t h e  ho le  t o  p r o t e c t  t h e  bottom f rom scour ing  a c t i o n  when t h e  
water  i s  added. 

Soaki ng P e r i o d  

30 h i  a f t e r  t h e  soaking p e r i o d  began. 
t h e  soaking p e r i o d  i s  removed and t h e  water l e v e l  i s  ad jus ted  t o  6 i n .  above t h e  

r a v e l  ( o r  8 i n .  above t h e  bottom o f  t h e  ho le ) .  

Any s o i l  t h a t  sloughed i n t o  t h e  ho le  du r ing  

A t  no t ime du r ing  t h e  t e s t  i s  t h e  
e r  l e v e l  a l l owed  t o  r i s e  more than 6 i n .  above t h e  grave l .  

e d i a t e l y  a f t e r  adjustment, t he  water l e v e l  i s  measured from a f i x e d  r e f e r e n c e  
n t  t o  t h e  neares t  1/16 i n .  a t  30 min  i n t e r v a l s .  The t e s t  i s  con t inued u n t i l  two 
dess ive  water  l e v e l  drops do n o t  vary by more than 1/16 i n .  A t  l e a s t  t h r e e  

rements a r e  made. . 

r each measurement, t h e  water l e v e l  i s  read jus ted  t o  t h e  6 i n .  l e v e l .  The l a s t  
l e v e l  drop i s  used t o  c a l c u l a t e  t h e  p e r c o l a t i o n  ra te .  

s o i l s  o r  s o i l s  i n  which the  f i r s t  6 i n .  o f  water  added a f t e r  t h e  soaking 
eeps away i n  l e s s  than 30 min, water l e v e l  measurements a r e  made a t  10 min  
s f o r  a 1 h r  per iod .  The l a s t  water l e v e l  drop i s  used t o  c a l c u l a t e  t h e  

on of t h e  P e r c o l a t i o n  Rate 

l a t i o n  r a t e  i s  c a l c u l a t e d  f o r  each t e s t  h o l e  by d i v i d i n g  t h e  t i m e  i n t e r v a l  
een measurements by t h e  magnitude o f  t he  l a s t  water  l e v e l  drop. Th is  
on r e s u l t s  i n  a p e r c o l a t i o n  r a t e  i n  terms o f  min / in .  To determine t h e  
on r a t e  f o r  t h e  area, t h e  r a t e s  ob ta ined  f rom each h o l e  a r e  averaged. ( I f  
t h e  area vary by more than 20 min/ in. ,  v a r i a t i o n s  i n  s o i l  t ype  a r e  
e Under these circumstances, p e r c o l a t i o n  r a t e s  shou ld  n o t  be averaged. 1 

If the  l a s t  measured drop i n  water  l e v e l  a f t e r  30 m in  i s  5/8 in . ,  t h e  
on r a t e  = (30 min) / (5 /8  i n . )  = 48 min / in .  
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The h o l e  i s  c a r e f u l l y  f i l l e d  w i t h  a t  l e a s t  12 i n .  o f  c l e a r  water. 
water  should be main ta ined f o r  a t  l e a s t  4 h r  and p r e f e r a b l y  ove rn igh t  i f  c l a y  s o i l s  
a r e  present.  A funne l  w i t h  an  a t tached  hose o r  s i m i l a r  dev ice  may be used t o  p reven t  
water  from washing down t h e  s ides  o f  t h e  hole.  Automat ic siphons o r  f l o a t  va lves  may 
be employed t o  a u t o m a t i c a l l y  ma in ta in  t h e  water l e v e l  du r ing  t h e  soaking per iod .  
i s  extremely impor tan t  t h a t  t he  s o i l  be a l l owed  t o  soak f o r  a s u f f i c i e n t l y  pong 
p e r i o d  o f  t i m e  t o  a l l o w  t h e  s o i l  t o  swe l l  i f  accu ra te  r e s u l t s  a r e  t o  be obtpined. 

Th is  depth o f  

It 

I n  sandy s o i l s  w i t h  l i t t l e  o r  no c lay ,  soaking i s  not  necessary. 
t h e  ho le  t w i c e  w i t h  1 2  i n .  o f  water, t h e  water  seeps completely away i n  l e s s  than t e n  
minutes, t h e  t e s t  can proceed immediately.  

If, a f t e r j I f i l l i n q  

Measurement o f  t h e  P e r c o l a t i o n  Rate 

Exceot f o r  sandy s o i l s .  o e r c o l a t i o n  r a t e  measurements a r e  made 15 h r  b u t  no more than  
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FIGURE 3-15 

PERCOLATION TEST DATA FORM (17)  

Test hole number 3 

Depth to bottom of hole 2 2 inches. Diameter of hole 6 inches. 
Depth, inches Soil texture 

0 - . j  4/Jk / O P  S U / /  
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Establ  i shi ng evaporati on t a  a t  a specific loca t ion  can 
d i  f f i  cul t probl em. Measu 
reported for a l l  o f  the states by N O M  i n  the p 
"Cl  i matol ogi cal Data, " U. S. ~ e ~ a r t ~ e n ~  of C ~ ~ ~ e r ~ ~ ~  av 
deposi tory 1 i brari es for g o ~ ~ ~ n ~ ~ ~ t  documents a t  jor ~ n ~ ~ e ~ s i ~ i e s  i n  
each state. Pan evaporation ~ ~ ~ s u r ~ ~ e ~ t s  are made a t  a few ( 5  t o  30) 
weather stations i n  each state. Data for  the winter m ~ n ~ ~ s  are often 
omitted because this method carmot be used under freezi ng weather 
condi t ions.  The critical period of the year for design o f  s y s ~ ~ m s  for 
permanent homes i s i n the w i  nter. Obtai ni ng represenlati ve winter 
evaporation data  i s  probably the most di fficul t part of design analysis. 
Applicat ion of evaporation systems 1 s most favorable i n the warm, dry 
climates of the southwestern United States. For these areas, pan 
evaporation data are available for  the complete year. The analysis of 
evaporative potential  for cooler, semi -ari d regions, such as  eastern 
Washington and Oregon, Utah, Colorado, a n d  similar areas, requires t h a t  
winter data be established by means other than pan evaporation 
measurements, si nce these data  are generally n o t  avai lab1 e. 

One method for establ i s h i n g  representative winter evaporation da ta  i's t o  
take measurements on buried lysimeters. Another method i s  t o  use empir- 
ical formulations such as the Penman formula (18). The Penman formula 
has been shown t o  give results comparable t o  measured winter values 
(5). 

3.3.4.2 Site Eva1 uation fo r  Surface Water Discharge 

For surface water disposal t o  be a viable opt ion,  access t o  a suitable 
surface body of water must be available. Onsite investigations must 
locate the body of water, identify i t ,  and determine the means by w h i c h  
access can be gained. Since discharges t o  surface waters are usua l ly  
regulated, the local water qua l i ty  agency must be contacted t o  learn i f  
discharge of wastewater i n t o  t h a t  body of water i s  permitted and, i f  so, 
what effluent standards must be met. 

3.3.5 Organizing the Site Information 

As the s i te  information i s  collected, i t  i s  organized so t h a t  i t  can be 
easily used to  check s i te  suitability for  any o f  the various systems 
discussed i n  this manual e One such method o f  organization is  ~ h ~ w ~  in 
Fi.gure 3-16. In this example, two soil observations have been made, 
The number o f  soil observations varies. I t  i s  important t h a t  a l l  gerti- 
nent s i te  information be presented i n  a clear fashion t o  provide suffi- 
cient information to  the designer of the system w i t h o u t  m a k i n  
tional s i te  visits. 
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FIGURE 3-16 

COMPILATION OF SOILS AND SITE INFORMATION 

ONSITE SLOPE AND SOIL PIT OBSERVATIONS) 
(INFORMATION INCLUDES TOPOGRAPHIC, SOIL SURVEY, 
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8 
I 
I 

o n  Tests (If Determined) v 
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FIGURE 3-16 (conti nued) 

Loam 
Silty 

Clay 
Loam 

Clay Loam 
Sandy 
Loam 

Platv 

Blocky 

Platy 

I Color 

B r o w n  

Soil Saturat ion 
t 

None 

Massive 

Soi l  M a p  Un i t  - DnC2 
Slope -6% 
Landscape Posit ion - Side Slop& 
Landscape Type - Plane t o  Concave 
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-16 (conti nued)  

Texture Structure Color Soil Saturation 

Si l t  
Loam 

Silty 
Clay 

Loam 

Loam 
Silt 

Blocky Brown 

Granular Black 
L 

Blockv Brown 
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